Objective: Previous studies have shown that women carry a higher risk of morbidity and mortality after coronary artery bypass surgery. We investigated gender differences in risk factors and outcomes in our patients undergoing robotic beating heart connector totally endoscopic coronary artery bypass. Methods: From July 2013 to April 2017, patients undergoing connector totally endoscopic coronary artery bypass were reviewed. We compared the outcomes of men versus women. Results: A total of 192 men and 71 women underwent connector totally endoscopic coronary artery bypass. The mean ± SD age was 65.4 ± 10.6 years. The Society of Thoracic Surgeons score was higher in women than men (median = 1.46 vs 0.73, P = 0.001), and women had a higher rate of peripheral vascular disease (22.5% vs 9.9%, P = 0.007). Intraoperative data in women and men were similar except for the rate of multi-vessel connector totally endoscopic coronary artery bypass and the rate of bilateral internal mammary artery use, which were both lower in women (49.3% vs 64.6%, P = 0.024, and 42.3% vs 56.8%, P = 0.036, respectively). The mean ± SD length of hospital stay (women vs men: 3.99 ± 4.00 vs 3.39 ± 2.42, P = 0.324) was comparable. The 30-day mortality in women and men was 0% (0/71) and 2.1% (4/192), respectively (P = 0.577). The morbidity and mortality of single-or multi-vessel connector totally endoscopic coronary artery bypass were similar between men and women. Conclusions: We conclude that the morbidity and mortality in women after robotic beating heart connector totally endoscopic coronary artery bypass in our center were similar to those seen in men.
F
emale gender has been reported as an independent predictor of mortality in patients undergoing coronary artery bypass grafting (CABG) in previous reports. [1] [2] [3] Some studies have demonstrated improved outcomes in women undergoing less invasive (off-pump) CABG. 4, 5 Recently, totally endoscopic coronary artery bypass (TECAB) surgery has emerged as the ultimate minimally invasive method of CABG surgery. 6 We started robotic beating heart TECAB with anastomotic connector (connector TECAB) in July 2013 at our institution. We hypothesized that its less invasive strategy without cardiopulmonary bypass (CPB) or cardiac arrest also overcomes gender difference for outcomes in CABG. In this study, we investigated the outcomes of patients undergoing robotic connector TECAB at our institution and compared the outcomes in men versus women.
METHODS

Study Population
This is a retrospective single-center study. We reviewed patients undergoing robotic connector TECAB from July 2013 to April 2017 at our institution. Inclusion criteria were all patients with single-vessel disease difficult to manage by percutaneous coronary intervention (PCI) or multi-vessel disease amenable to revascularization with bilateral internal mammary artery grafts, as well as patients requiring completion (hybrid) PCI to achieve multi-vessel revascularization. Including stable patients with left main disease and abnormal LV function. Exclusion criteria were hemodynamic instability, intolerance of single-lung ventilation, and left pleural symphysis secondary to previous surgery. There were no specific differences in patient selection for TECAB between man and woman. We summarized baseline characteristics as well as intraoperative and postoperative outcomes. We compared the outcomes of connector TECAB in men versus women.
Surgical Technique
All cases were performed by a single experienced robotic cardiac surgeon with the da Vinci Si surgical robot (Intuitive Surgical, Sunnyvale, CA USA) with the aid of the C-Port Flex A distal coronary anastomotic connector (Dextera Surgical Inc, Redwood City, CA USA). Our technique for this procedure has been previously described. 7 Briefly, patients are placed supine with a roll under the left chest. In women, the left breast is gently retracted medially and draped with an ioban drape. General anesthesia is administered using a single-lumen endotracheal tube with a left endobronchial blocker. With the left lung deflated, robotic ports are placed in the second, fourth, and sixth left intercostal space in anterior axillary line. The left internal mammary artery and/or right internal mammary artery are exposed and dissected using a skeletonized technique. A 12-mm robotic port is placed in the left subcostal region, just to the left of the xiphoid process for the 4th robotic arm and the EndoWrist Stabilizer (Intuitive Surgical). A 15-mm port is placed in the second intercostal space in the midclavicular line for delivering the C-Port Flex A distal coronary anastomotic connector. Then, graft anastomosis is done with the anastomotic connector. Depending on the anatomy, U-clips (Medtronic, Minneapolis, MN USA) or a suture hand-sewn technique are applied for sequential graft anastomoses.
Outcome Measures
The primary outcome measured was 30-day mortality. The secondary outcomes measured were postoperative complications including prolonged ventilation, pneumonia, surgical site infection, acute kidney injury, myocardial infarction, new atrial fibrillation, gastrointestinal complications, stroke, and reexploration for bleeding. Other outcomes of interest are preoperative characteristics, intraoperative data, length of intensive care unit (ICU) stay, and length of hospital stay.
Statistical Analysis
Continuous variables are expressed as mean ± SD, or median (25th to 75th interquartile range), and were compared by using the Student t test or Mann-Whitney U test, as appropriate. Categorical and sequential variables are expressed as the number and percentage of patients and were compared by the χ 2 test or Fisher exact test, as appropriate. A P value of less than 0.05 was considered to be statistically significant. The statistical analyses were conducted using IBM SPSS 24.00 (IBM, Inc, Chicago, IL USA). Table 1 summarizes the preoperative patients' baseline characteristics. A total of 263 patients (mean ± SD age = 65.4 ± 10.6 years) underwent robotic connector TECAB. The cohorts included 71 women (27.0%). Compared with men, women were shorter (median = 163 cm vs 178 cm, P < 0.001) and lighter (median = 76 kg vs 91 kg, P < 0.001). The body mass index was similar in two groups. Women had higher rate of peripheral vascular disease (22.5% vs 9.9%, P = 0.007) and higher Society of Thoracic Surgeons (STS) score (median 1.46 vs 0.73, P = 0.001), compared with men. There were no statistical differences in other characteristics. Seven patients (3 men and 4 women) had previous cardiac surgery, including four CABG, one TECAB, one aortic valve replacement and redo aortic valve replacement, and one CABG, aortic root replacement, and redo hemiarch replacement.
RESULTS
Patient Population
Surgical Outcomes
Intraoperative data are presented in Table 2 . The mean ± SD operative time was 285.7 ± 87.7 minutes, which was similar in men and women. Intraoperative data in women and men were similar except for the rate of multi-vessel connector TECAB and bilateral internal mammary artery use, which were both lower in women (49.3% vs 64.6%, P = 0.024, and 42.3% vs 56.8%, P = 0.036, respectively). Although, concomitant procedures were performed more frequently in men (women vs men: 5.6% vs 9.9%, P = 0.28) including left atrial appendage ligation in 19 patients, epicardial ablation for atrial fibrillation in three patients, and total pericardiectomy for constrictive pericarditis in one patients. This difference did not reach statistical significance. Cardiopulmonary bypass was used in four men and in no women. One female patient with previous cardiac surgery required conversion to median sternotomy due to bleeding from the right ventricle.
Postoperative outcomes are shown in Table 3 . Mechanical ventilation was terminated in the operative room in 107 patients (40.7%). In all cohorts, pneumonia, surgical site infection, or stroke was not observed. There were no statistical differences between women and men in postoperative complications including prolonged ventilation (2.8% vs 3.6%), acute kidney injury (2.8% vs 1.6%), new atrial fibrillation (22.5% vs 21.4%), and re-exploration for bleeding (0.0% vs 1.6%). The mean ± SD length of ICU stay (2.04 ± 3.88 vs 1.62 ± 2.05, P = 0.213) and hospital stay (3.99 ± 4.00 vs 3.39 ± 2.42, P = 0.324) was comparable in women versus men. The 30-day mortality was 1.5% (4/263), and that was similar in women and men (0% vs 2.1%, P = 0.577). The cause of death was cardiogenic in two patients, mesenteric ischemia in one patient, and unknown reason after discharge in one patient (most likely aspiration pneumonia in a patient with colon cancer). Table 4 summarizes postoperative outcomes of connector TECAB divided into single-and multivessel revascularization. In both single-and multi-vessel connector TECAB, there were no statistical differences in postoperative complications or 30-day mortality between men and women.
DISCUSSION
In this study, we compared the outcomes of connector TECAB in women versus men. Although women had higherrisk profiles compared with men preoperatively, there were no significant differences in postoperative morbidity or mortality after connector TECAB in our institution. Considering that the rate of multi-vessel TECAB was higher in men than women, the outcomes of single-and multi-vessel connector TECAB were analyzed separately, which also showed similar mortality and morbidity between men and women.
Previous studies have shown that female gender is associated with a higher incidence of morbidity and mortality in patients undergoing CABG. [1] [2] [3] Although there are some recent studies demonstrating no difference in long-term survival between women and men in CABG, 8, 9 investigation of gender difference is still in progress. However, the number of studies that investigate the effect of surgical strategy on the gender difference in CABG is small. To decrease the gap between highand low-risk patients undergoing CABG, off-pump CABG has been attempted. Fu et al 4 reported that women benefit from off-pump CABG in terms of early mortality. Puskas et al 5 showed that off-pump CABG is associated with fewer major adverse cardiac events compared with conventional CABG. In our study, 98% of patients (259/263) underwent connector TECAB without CPB, only four patients (all men) required CPB because of intolerance of single-lung ventilation. This may have impacted the outcomes in the men negatively. However, the number is too small to be meaningful. As a minimally invasive procedure, TECAB surgery has evolved with good clinical outcomes. 10 Regarding gender difference in TECAB, Wiedemann et al 6 summarized the outcomes of 500 TECAB cases and compared gender differences. They concluded that there was no significant impact of gender on mortality after TECAB, which was comparable with our results. However, they said that both of postoperative ventilation support time and length of ICU stay were longer in women than men after TECAB. Although women underwent multi-vessel TECAB tended to have longer ICU and hospital stay compared with men, there were no statistically significant differences in postoperative complications or length of stay between men and women in our study. The difference in the number of grafts between the men and women in this series (the rate of multi-vessel connector TECAB in women was lower than that in men) may have affected the outcomes in favor of the women despite their higher STS risk profile. Although we analyzed the outcomes of single-and multi-vessel connector TECAB respectively, the number was too small to compare statistically. In terms of less invasiveness, we believe that a beating heart strategy during robotic connector TECAB without CPB is ultimately less invasive, which in our study may have lead to comparable outcomes in both genders. We routinely use anastomotic connectors for the coronary anastomosis. We emphasize that the advantage of this device may be shorter coronary ischemic times during creation of the anastomosis on the beating heart. This can help overcome the learning curve in beating heart TECAB by allowing the procedure to be performed on a larger group of patients who would otherwise not do well with traditional hand-sewn techniques. Because of this advantage, we feel that patients were hemodynamically stable during the BIMA, bilateral internal mammary arteries; BTF, blood transfusion; CPB, cardiopulmonary bypass; TECAB, totally endoscopic coronary artery bypass.
procedure allowing us to perform connector TECAB without CPB and resulted in good postoperative outcomes. It has been reported that women had more comorbidities and higher-risk profiles compared with men, 1 and similar finding was observed in our study. Women had a higher rate of peripheral vascular disease and higher STS score, and body habitus (body weight, height) was smaller in women than men in our study. Other than that, several preoperative risk factors (i.e., renal failure on dialysis, history of previous cardiac surgery, and congestive heart failure) were frequently observed in women and only approached statistical significance. Previous reports investigating the size of coronary arteries in men and women showed that women had smaller sizes of coronary arteries, and this can make the surgical anastomosis more technically difficult. 11 Fisher et al 12 reported that small body size and small coronary arteries in women could also lead to reduced survival rate. From that standpoint, the anastomotic connector might be more favorable and can be used in coronary targets as small as 1 mm in diameter safely. In addition, we have demonstrated excellent mid-term graft patency using this anastomotic connector in previous reports. 7 
Limitations
First, the limitations of the present study are its retrospective and single-institution nature and the lack of long-term outcomes, including graft patency. Second, most of the patients were referred to our service from outside hospitals and might have had selection bias. Third, the difference of the intraoperative procedure may affect the outcomes (the rate of multivessel connector TECAB in women was lower than that in men). Although we analyzed the outcomes of single-and multi-vessel connector TECAB respectively, the number was too small to compare statistically. To verify the superiority and efficacy of connector TECAB for female patients, further studies will be warranted.
CONCLUSIONS
We conclude that robotic beating heart connector TECAB provided excellent short-term outcomes in our experience, with similarly low rates of morbidity and mortality in both men and women. The advantage of new technology with an experienced team may have implications for other high-risk CABG patients. Further follow-up in a larger group of patients is warranted.
